INTRODUCTION
Successful application of high-energy lasers to national needs in strategic defense, inertial confinement fusion, and isotope separation is contingent on the development of optical coatings that can withstand very intense radiation. Significant progress has been made in the development of damage-resistant coatings over the past 15 years to support the needs of the inertial confinement fusion and isotope separation programs. However, the requirements evolving from the Strategic Defense Initiative (SD1) are much more severe and demand dramatic improvements in the performance of optical coatings beyond the current state of the art. I will present the approach that we are taking at Los Alamos toward solving the problems of optical coatings for SDI.
An Optical Damage Program has been set up at Los Alamos to develop damage-resistant optical coatings for high-power visible and ultraviolet lasers in strategic defense, inertial confinement fusion, and special isotope separation. For strategic defense the program is addressing ground-based lasers (GBL), specifically, the rf linac free-electron laser (FEL) being developed by Los Alamos and the XeF laser, Raman-shifted in H 2 (EMRLD), being developed by AVCO and Rocketdyne. For inertial confinement fusion we are supporting the development of the KrF laser at Los Alamos as a fusion driver. Finally, in the special isotope separation program we are developing optical coatings for Alexandrite lasers. Since the eventual goal of the FEL program is a laser around 0.5-1.0 /~m, the Optical Damage Program at Los Alamos is concerned with the entire wavelength range between 0.25 and 1.0/~m.
ISSUES FOR GBL OPTICS: INTEGRATED EFFECTS
The issues associated with GBL optical coatings are being addressed with a joint program funded by the Directed Energy Weapons Office of the SDIO and involving the Naval Weapons Center (NWC), the Air Force Weapons Laboratory (AFWL), and Los Alamos. Overall program management is under the direction of James Stanford of China Lake (NWC). China Lake also has responsibility for a portion of the fundamental research on laser-material interactions. The Air Force Weapons Laboratory has responsibility for the development of novel coating deposition techniques and for optical and mechanical characterization of coatings. Los Alamos has responsibility for optimization of conventional coating techniques, such as thermal and electron-beam evaporation, for damage testing, for integrated effects, and for further research on laser-material interactions.
The optics located in the laser cavity represent the area of highest risk for GBLs, because the optics are exposed to damaging environmental effects other than the fundamental laser radiation. Table I lists some of the multiple hazards for both the excimer laser and the FEL. Considerable data already exist on the degradation of windows and/or mirrors on an XeF laser that arises from exposure to the corrosive laser gas mix, which contains fluorine. The reactivity of the gas mix is enhanced when it is energized by a high-voltage electron beam. The latter also generates X rays and scattered electrons which irradiate the optical components. Finally, although it is not evident that exposure to high-pressure H 2 in the Raman cell will cause problems, the data base is inadequate to assess the performance of optical coatings in this environment. Comparable hazards exist for FELs, which extract light from very high-energy (100 MeV), relativistic electron beams. The electron beam generates ~/ rays through Bremsstrahlung. Additional 7 rays as well as neutrons are produced when the electron beam is collimated by passing through a scraper or when the electrons are stopped in a beam dump at the end of the accelerator. The FEL optics will be exposed to significant amounts of ionizing radiation, both ~ rays and neutrons. The optics inside the FEL will reside in vacuum, which can affect the performance of the coatings. Finally, the FEL generates radiation at the higher harmonics, of the fundamental laser frequency. For FELs operating in the 0.5-to 1.0-/~m wavelength range, it does not take many harmonics before the coatings will become strongly absorbing.
The amount of radiation generated at higher harmonic frequencies depends strongly on the characteristics of the FEL. For example, the second and third harmonics were down in intensity by 105 for the Los Alamos FEL, which operated at 10 /~m, while the third harmonic was down by less than 3 for the Orsay FEL, which operated at 0.6/~m. For visible or near visible FELs the energy in the higher harmonics even if very low, will be absorbed and may create color centers that in turn absorb at the fundamental laser frequency, thereby creating a major problem for the optical coatings. This is an important area for FELs which must be addressed.
The multiple hazards for the laser cavity optics must be considered for possible synergisms, not just as separate, independent sources of damage or degradation. One possible synergism, the creation of color centers by higher harmonics or ionizing radiation, has already been mentioned. Another possibility would be electron or photon (X-ray) stimulated des0rption altering the surface of a coating in an XeF laser so that the fluorine resistance was degraded. Experiments at Washington State University (WSU) and at the University of Rochester Laboratory for Laser Energetics (LLE) have already demonstrated enhanced erosion of optical coatings exposed to both fluorine and electrons.
The environmental hazards severely limit the choice of materials that can be considered for optical coatings. First, to ensure minimal absorption of the intense visible and ultraviolet laser radiation one must use large-band-gap dielectrics such as metallic fluorides and refractory oxides. For wavelengths longer than 0.5 /~m one can also consider metal mirrors at grazing incidence. Even here the choice is limited to silver for visible lasers.
Second, one must consider the effects of ionizing radiation such as X rays or 7 rays. In this context metals are far superior to dielectrics, since they do not suffer ionization damage. However, both dielectrics and metals are susceptible to displacement damage that can arise from exposure to energetic neutrons. Among the dielectrics, radiation damage experiments have shown that oxides are generally far superior to fluorides, especially alkali fluorides.
Finally, one must consider the chemical environment. For excimer lasers the coatings will be exposed to molecular fluorine (F2), fluorine atoms (F), and fluoride ions (F-). Our experience indicates that alumina (A1203) and cryolite (Na3A1F6) give the best fluorine resistance for short-wavelength coatings. Materials such as magnesium fluroide (MgF2) and silica (SiOz) exhibit very poor fluorine resistance. For FELs the coatings will be in vacuum, so that one should avoid certain oxides, such as titania (TiO 2), which tend to lose oxygen under vacuum.
